Pseudohyphal but not yeast forms of Candida albicans possess both iC3b and C3d receptors, as determined by rosetting with erythrocytes carrying iC3b (EAC3bi) or C3d (EAC3d). Rosetting with EAC3d was markedly reduced when pseudohyphae were heat killed or treated with trypsin or pronase but was not inhibited by several saccharides or aminosaccharides, including oL-methyl-D-mannoside, or by pretreatment of pseudohyphae with concanavalin A. However, mannoproteins obtained by concanavalin A affinity chromatography of whole pseudohyphal extracts inhibited the attachment of EAC3d to C. albicans, whereas soluble (nonmannosylated) proteins were less active. Thus, although the C3d receptors appeared to be glycosylated, the oligosaccharide component of the receptor was apparently not involved in the recognition of C3d. To isolate these receptors, whole-cell extracts were separated by DEAE-Trisacryl chromatography. Fractions that inhibited rosetting were pooled and affinity purified by C3d-Thiol-Sepharose chromatography. The eluate from this affinity column inhibited attachment of C. albicans to EAC3d. Monoclonal antibodies to C. albicans were prepared, and three of these antibodies blocked rosetting. Western blotting (immunoblotting) with these antibodies indicated the presence of 62-and 70-kilodalton receptors for C3d in the extracts purified by C3d affinity chromatography and separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
Human peripheral blood cells possess several membrane glycoproteins (CR1, CR2, CR3, and CR4) that bind cleavage products of the third component of complement. CR1 and CR3 preferentially bind C3b and iC3b, respectively (reviewed in reference 1), whereas CR2 and CR4 recognize C3dg/C3d (5, 8, 16, 19) . Receptors with these specificities are not found exclusively on mammalian cells. Recently, Heidenreich and Dierich (6) demonstrated that Candida albicans and C. stellatoidea rosette with erythrocytes coated with iC3b (EAC3bi) and C3d (EAC3d), whereas this property was not associated with less pathogenic Candida spp., such as C. tropicalis, C. parapsilosis, and C. krusei. These investigators suggested that a lectinlike interaction occurred between these C3 fragments and C. albicans, since Dmannose and D-glucose partially inhibited rosetting. The presence of Candida receptors for iC3b and C3d has been substantiated by Edwards et al. (3) , who have, in addition, examined the ability of a series of monoclonal and polyclonal antibodies against CR1, CR2, and CR3 to bind to C. albicans and inhibit rosetting with EAC3bi and EAC3d. Of these antibodies, only one monoclonal antibody against CR3 (Mo-1) bound significantly to C. albicans. However, at high concentrations, one monoclonal antibody (HB-5), in the presence of a second enhancing antibody and a polyclonal antibody against CR2, blocked rosetting.
Although considerable emphasis has been placed on defining the biological consequences of the interaction of mammalian cell receptors with C3b and its further cleavage products, the functional significance of the receptors for C3 fragments on Candida spp. remains unknown. To facilitate investigations concerning the potential pathogenic role of these receptors on Candida spp. and to compare them with receptors of similar specificity on human cells, studies were initiated to identify the C3d receptor(s) on C. albicans. * Corresponding author.
MATERIALS AND METHODS
Preparation of cells. C. albicans 4918 was used throughout these studies and has been described previously (7) . Yeast forms were obtained from brain heart infusion agar plates which had been incubated overnight at 37°C. Cells were collected in phosphate-buffered saline (PBS) containing 0.02 M P04 and 0.15 M NaCl (pH 7.2), washed twice in PBS, and suspended in a Veronal-sucrose buffer containing 1 mM MgCl2, 0.15 mM CaCl2, and 0.1% gelatin (GVB-GVBS; ,u = 0.065 [14] (pH 7.8) . Lyophilized pseudohyphal whole-cell extract (150 mg) was dissolved in the starting buffer, filtered (Millex filter; 0.22-,um pore size; Millipore Corp., Bedford, Mass.), and applied to the column. Fractions (3 ml) were collected at a flow rate of 36 ml/h, and the A280 was determined. Approximately 10 tubes were collected for each NaCl step. Fractions were assayed for inhibition of rosetting, as previously described, by incubating 0.1 ml of the fractions with EAC3d before addition of the pseudohyphal particles. Those fractions which showed inhibitory activity were pooled, dialyzed against distilled H20, concentrated (CX10; Millipore), and lyophilized.
C3d-Thiol-Sepharose affinity chromatography. C3d-ThiolSepharose was prepared according to the method of Iida et al. (8) . One milligram of purified C3 (Cytotech, Richmond, Calif.) was incubated with 20 ,ug of tolylsulfonyl phenylalanyl chloromethyl ketone trypsin (Sigma) for 5 min at 37°C in the presence of 0.25 g of Thiol-Sepharose beads (Pharmacia) in 0.1 M Tris hydrochloride (pH 8.0) containing 0.1 M NaCl. PMSF (1 mM) was added to stop the reaction. The beads were washed with the Tris buffer and incubated twice in succession with 30 ,ug of porcine elastase at 37°C for S h. The reaction was terminated by the addition of the porcine elastase inhibitor elastatinal (Sigma). The coupling of C3d to the Sepharose was confirmed by treating a portion of beads with 0.05 M L-cysteine in 0.01 M Tris buffer (pH 8.0) and analyzing this eluate by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with 10% polyacrylamide. Cysteine treatment released a single protein of 35 kilodaltons (kDa). C3d affinity chromatography of a pool of inhibitory fractions from DEAE-Trisacryl was performed as follows. A total of 1 ml (approximately 1.0 mg of protein) was added to 2.5 ml of C3d-Thiol-Sepharose beads which had been placed in a sterile screw-cap glass test tube. The mixture was incubated overnight at 4°C with gentle mixing and then packed into a column (1 by 3 cm) to give a bed volume of approximately 1.5 ml. Nonbinding material was collected (approximately 2.5 ml), and the column was subsequently washed with 0.065 M sodium borate (pH 8.0) containing 0.05 M NaCl and then with Tris hydrochloride (pH 7.8) containing 0.2 M NaCl. The beads were then eluted with 0.5 ml of 0.01 M acetate buffer (pH 4.1) containing 0.5 M NaCl. Unbound and bound fractions were pooled, dialyzed exhaustively against PBS, and lyophilized.
SDS-PAGE and western blotting (immunoblotting). SDS- cosamine, rhamnose, mannosamine, galactose, and N-acetylglucosamine were not inhibitory (data not shown).
Inhibition of rosetting of EAC3d by monoclonal antibodies. Four monoclonal antibodies prepared against C. albicans were screened for their ability to block EAC3d rosetting by pseudohyphae. These monoclonal antibodies were of the immunoglobulin Gl subcla:ss. Three of the four antibodies (CA-A, CA-C, and CA-D) blocked rosetting significantly at dilutions of up to and including 1:256 (Table 3) when incubated with pseudohyphae before the addition of EAC3d, whereas the other one, CA-B, was inactive.
Comparison of mannoproteins and nonmannosylated proteins as inhibitors of EAC3d rosetting. ConA-Sepharosebound mannoproteins and nonmannosylated proteins were assayed for their ability to block rosetting of EAC3d by pseudohyphae. The results strongly suggest that C3d receptors are mannoproteins (Fig. 3) . At a protein concentration of 0.6 ,ug/0.1 ml, mannoproteins from pseudohyphal wholecell extracts inhibited rosetting by 50%, whereas 50% inhibition was not observed at concentrations of nonmannosylated proteins as high as 50 p.g/0.1 ml. Fractionation of pseudohyphal extracts by DEAE-Trisacryl and C3d-Thiol-Sepharose chromatography. Pseudohyphal whole-cell extracts were chromatographed on DEAE-Trisacryl, and four protein peaks were obtained by using a stepwise NaCl gradient. Only fractions that were eluted with 0.20 M NaCl (peak III) contained components that inhibited rosetting of EAC3d by pseudohyphae (Fig. 4) . These fractions were pooled, lyophilized, and designated as pool III. Multiple bands were detected after separation of both the starting material and pool III by SDS-PAGE (Fig. 5, lanes 1  and 2) .
Pool III was then affinity purified by C3d-Thiol-Sepharose chromatography. The unbound material and the low-pH and nonmannosylated proteins on the rosetting of EAC3d by pseudohyphae. Whole-cell extracts were affinity chromatographed on ConA-Sepharose. Unbound and bound fractions were preincubated with EAC3d (30 min at 37°C), at which time pseudohyphae were added, and the percent rosetting was determined. Controls consisted of EAC3d incubated with pseudohyphae and GVB-GVBS only. Data eluate were dialyzed and assayed for inhibition of rosetting. The low-pH eluate inhibited rosetting by 50% at a concentration of 0.6 ,ug of protein per 0.1 ml. Components that did not bind to the column possessed minimal inhibitory activity at concentrations of up to 50 ,ug of protein per ml (data not shown). The low-pH eluates were separated by SDS-PAGE. Silver staining of the gel revealed a band of approximately 70 kDa (Fig. 5, lane 3 Edwards et al. (3) . In the former study, this receptor and a receptor for iC3b were observed on both yeast and hyphal forms, whereas they were detected only on hyphal forms by Edwards et al. (3) . In the present study, C3d receptor expression was found primarily on pseudohyphal forms and conversion of yeast cells to pseudohyphae correlated with an increase in receptor expression.
These receptors, which are heat and protease sensitive, are probably mannosylated, since a ConA affinity-purified fraction from whole-cell extracts of pseudohyphae was approximately 10-fold more active as an inhibitor of rosetting with EAC3d than was the fraction that did not bind to ConA. Further support for the association of mannose with the C3d receptors has recently been obtained by the finding that ConA detects both the 62-and 70-kDa bands on nitrocellulose transfers of monoclonal antibody CA-A affinity-purified receptors separated by SDS-PAGE (unpublished observations). However, this saccharide does not appear to be involved in the recognition of C3d, since pretreatment of the pseudohyphae with ConA had no effect on rosetting and a-D-methylmannoside failed to inhibit this activity. These findings are in contrast to the previously described partial inhibition of rosetting (30%) by mannose (6) .
Different approaches are being used to characterize the C3 receptors on Candida spp. and to compare them with mammalitn receptors of similar specificity. Edwards et al. (3) have used monoclonal antibodies against human C3 receptors as potential inhibitors of rosetting of Candida spp. with erythrocytes coated with C3 fragments. Some similarity to CR2 was suggested by their findings that HB-5, a monoclonal anti-CR2 antibody, and anti-GP140, a polyclonal antibody against CR2, blocked rosetting with EAC3bi and EAC3d. This effect was only observed at high antibody concentrations, and inhibition by the monoclonal antibody required the addition of an enhancing antibody. Binding of these antibodies to Candida spp. was not detectable, indicating very low affinity interactions. Our approach, which has been to directly examine the C3d binding proteins on Candida spp., indicates at least one similarity between CR2 and the Candida receptor in that both are glycosylated and the carbohydrate moiety is not apparently involved in receptor recognition (18) . The molecular sizes of the Candida receptors (62 and 70 kDa) are significantly lower than that of CR2 (140 kDa). They are, however, similar to the molecular size of a cleavage product of CR2 isolated from the culture medium of Raji lymphoblastoid cells (10) . The possible relationship of the Candida receptor to CR4, the neutrophil and platelet C3dg/C3d receptor (5, 16, 17) , has not been explored but will be of interest as further information concerning the physiochemical properties of the mammalian receptor becomes available.
The finding of C3 receptors exclusively on the more pathogenic Candida spp. is highly suggestive of their involvement in disease processes. However, the mechanisms by which these receptors may participate in pathogenesis have not been defined. As suggested previously (6), the C3d receptors may facilitate the formation of aggregates of the organism which are not readily phagocytosed or they may mediate adhesion to certain mammalian cells. It is anticipated that characterization of these receptors will provide a basis for future investigations concerning their functional significance.
